New Zealanders of Polynesian origin have a higher prevalence of obesity and type 2 diabetes mellitus than those of European origin. Risk factors for type 2 diabetes mellitus-decreased energy expenditure, increased body fat mass, and central body fat-in 30 normoglycemic Maori, Pacific, and European men were studied. Biochemical measures of risk for type 2 diabetes mellitus included an oral glucose tolerance test, insulin, lipids, and glycosylated hemoglobin. The groups did not differ significantly in BMI, height, body mass or fat mass (DEXA), or adjusted resting metabolic rate (indirect calorimetry), but the European subjects had significantly lower subscapular to triceps skinfolds and fat-free mass than the Maori and Pacific groups. Central obesity by anthropometry and DEXA showed strong associations with the biochemical measures for type 2 diabetes risk. These findings emphasize the association between body composition and central fat distribution with risk of diabetes independent of ethnicity.
Introduction
New Zealand people are getting fatter-on average one gram per day-360g per year and one kilogram every three years [1] . Excess body weight results from a positive energy balance. This is the result of a positive imbalance between the energy absorbed from the macronutrients in food and that used by the body. Maori and Pacific people in New Zealand have a greater prevalence of obesity and type 2 diabetes compared to those of European origin. We hypothesized that this is related to metabolic and fat distribution differences as previously demonstrated in a study of Polynesian and European women [2] [3] [4] [5] [6] [7] . Specifically it was hypothesized that » Maori and Pacific Island men have a lower relative resting metabolic rate than New Zealand men of European origin. » The commonly accepted body mass index (BMI) ranges for categorizing non-obese and obese New Zealand Europeans are inappropriate for Maori and Pacific Island men. » Maori and Pacific Island men have relatively more central fat than those of European origin and they have a greater risk of developing type 2 diabetes mellitus.
Experimental methods

Protocol
Male volunteers selected on the basis of their body mass index (BMI) were asked to arrive at the body composition facility in the Department of Surgery in the University of Auckland in the morning after an overnight fast. Informed consent was obtained as prescribed by the Auckland Ethics Committee. Height and weight were measured followed by a dual-energy x-ray absorptiometer (DEXA) scan during which volunteers relaxed in a supine position for approximately 30 minutes. Resting metabolic rate (RMR) was measured by indirect calorimetry for about 30 minutes immediately following this scan. Anthropometric measurements were then made, and an intravenous blood sample taken for fasting glucose concentration as well as insulin concentration, glycosylated hemoglobin, and 83 blood lipids. The volunteers then drank a dose of 75g of polycose for the standard glucose tolerance test which was performed over the subsequent two hours during which blood samples were taken at 30, 60, and 120 minutes after drinking the polycose. Water was allowed ad libitum during the 3.5 hour period of the study.
Anthropometry
Measurements of weight and height allowed BMI (weight/height squared) to be calculated. Harpender calipers (Mentone Educational Centre, Melbourne, Victoria, Australia) were used to measure skinfold thicknesses at triceps and subscapular sites following standard techniques [8] ; an average of three measurements was recorded. The girth of the waist and hips were measured using the guidelines of the Hilary Commission Life in New Zealand Survey [9] .
Total body fat and fat distribution
Using whole body dual-energy x-ray absorptiometry (Model DPX+, Lunar Radiation Corporation, Madison, Wisc., USA) fat mass, lean soft tissue mass, bone mineral content, and bone mineral density were determined. While the use of this technique as a "goldstandard" for fat measurement is still under debate [10] it possesses a number of advantages over traditional fat estimation techniques. Principal among these is its high precision (better than 3% for total body fat mass) [11] . Regional analysis was subsequently performed to obtain fat content of peripheral and central regions of the body and abdominal and hip fat. A limitation of the machine is the size of the scanning area. Two volunteers whose body dimensions exceeded those of the scanning area were measured by excluding one arm from the scan and then adding the scanned arm composition to the scan as described by Tataranni and Ravussin [11] . Fat-free mass was calculated as the difference between measured body mass and fat mass.
Resting metabolic rate
Resting metabolic rate was measured by indirect calorimetry (Deltatra MBM-100, Datex /Instrumentarium, Helsinki, Finland). Heart rate was monitored using a Polar Sporstester (Polar Electro, Oulu, Finland) to ensure that the volunteer was in a stable state.
Biochemical measurements
Glucose was measured by the Roche Hitachi glucose oxidase method (Roche Diagnostics, Mannheim, Ger-many), HbA1c by high performance liquid chromatography (HPLC) affinity chromatography (Primus)(C.V. routinely < 3%). Lipids were by the standard Roche-Hitachi methodology. High density lipoprotein (HDL) was done by direct assay. All assays were within target limits specified by the Royal College of Pathologists of Australasia Quality Assurance Program. The laboratory has continuous IANZ ISO9002 (International Accreditation of New Zealand, International Organization for Standardization) accreditation, both for laboratory and supplier status. Leptin was measured by enyzme-linked immunosorbent assay (ELISA) (American Laboratory Products Company, Ltd., Windham, NH, USA) and insulin by radio immunoassay (IMX Insulin Assay kit, Abbott Diagnostics, Abbott Laboratories (NZ), Ltd., Mount Wellington, Auckland, New Zealand). The ISI 0-120 index of insulin sensitivity was calculated using the formula of Gutt et al. [12] from the fasting and 120-minute post-oral glucose tolerance test. Homeostasis model assessment (HOMA) indices of insulin sensitivity HOMA S% and beta cell function, HOMA B% were calculated according to Hermans et al. [13, 14] .
Data analysis
Analysis of covariance was used to establish differences in RMR between the three ethnic groups by controlling for differences in fat-free and fat mass which bear a strong linear relationship with RMR [15] . Analysis of variance was used to test for differences between ethnic groups for measured and derived variables and, if significant, pairwise t-tests were performed. Regression analysis was used to examine the dependence of percentage body fat on BMI. Pearson's correlation coefficient was used to examine correlations between pairs of variables. The 5% level was chosen for statistical significance.
Results
The physical characteristics and anthropometric measurements for the 30 men studied are shown in table 1. The groups did not differ in body mass, body mass index (BMI), or height. Pacific Island men had a significantly higher subscapular to triceps skinfold ratio than the European men (p = .01) and the Maori men had an intermediate value that was not significantly different to that of European or Pacific Island men.
Results of the resting metabolic rate measurements are shown in table 1. After adjusting for fat mass and fat-free mass, resting metabolic rate was similar for Maori (1,830 ± 111 (SD) kcal/day) and Pacific Island (1,828 ± 117 kcal/day) groups and slightly lower for the Europeans (1,751 ± 120 kcal/day) although this did not The R 2 value was 0.80 (p < .001). Ethnicity was not a significant predictor. Results of the DEXA and biochemical measurements are shown in table 2. The groups were similar for all these measurements except for fat-free mass by DEXA, bone mineral density, and the ISI 0-120 value. Pacific Island men had a higher fat-free mass than European men (p = .02) with the Maori men having an intermediate value that was not significantly different from that for either Pacific or European men.
Using multiple linear regression there was no difference in the percentage of body fat from DEXA on BMI between the three ethnic groups. The equation for predicting the percentage of fat from BMI was:
where the group is coded as 1 for Maori, 2 for European, and 3 for Pacific Island. Hence for a fixed BMI, Maori and Pacific Island men had a lower percentage of fat and therefore more fat-free mass than European men. There were significant positive relationships between insulin and glycosylated hemoglobin, insulin and the subscapular to triceps ratio, and glycosylated hemoglobin and the subscapular to triceps ratio. Other relationships included significant negative relationships between dietary fiber and total cholesterol, LDL, and triglycerides. Total dietary fiber and the subscapular to triceps ratio were also related (r = -0.52, p = .004). These significant associations point to the interrelationships of metabolic fuel mix, diet, and fat distribution.
All the men in this study were classified as normoglycemic based on the oral glucose tolerance test. Table 3 demonstrates the associations between central fat and measures of insulin sensitivity. In particular fasting insulin levels, and the areas under the insulin and glucose curves and the ISI 0-120 and HOMA indices showed strong relationships with measures of central fat.
Discussion and conclusion
This report is limited to body composition, resting metabolic rate, and the relationships between central obesity and biochemical measurements of type 2 diabetes risk. The relatively small number of participants in the study limits the number of significant findings that may be reported.
The results of the study show that Pacific Island men had relatively more fat-free mass than Maori men, who had more than European men. The subscapular to triceps skinfold ratio followed the same pattern indicating that Pacific Island men have more subcutaneous central fat than Maori and European men. These observations agree with those made previously reported in Polynesian women and Samoan, European, and Maori men and women [2, 16, 17] . This central fat deposition could be related to the increased prevalence of diabetes and obesity in Maori and Pacific Island people in New Zealand as compared to Europeans. However as the DEXA measurements of the ratio of total fat in the limbs and torso, and between the abdominal and hip regions showed no significant difference between the ethnic groups for these young men, further investigation of the distribution of the subcutaneous to intraabdominal fat is warranted [18] [19] [20] .
We did not find a lower adjusted resting meta- Values not sharing a common superscript are significantly different. Values in brackets are ranges.
Central obesity and risk for type 2 diabetes in New Zealand bolic rate in the Polynesian men as compared to the European men. In contrast, similar measurements performed on women yielded a lower relative resting metabolic rate in the Polynesian group [3] . It has been shown [21] that as the risk for diabetes increases so does the resting metabolic rate. This effect may be a confounding factor in the interplay between central obesity, ethnicity, and metabolic rate. The indices of insulin resistance and diabetes risk were higher in the normoglycemic men with more central fat. Finally, there were strong associations between the total fat-ness and central obesity measurements and risk of type 2 diabetes. These findings emphasize the relationships between body composition and fat distribution with the risk of diabetes independent of ethnicity.
